A key issue for future solar ceIl processes is a diffusion sequence which enables fast and clean production, for,example by spin-on and spray-on dopants.
INTRODUCTION
The share of multi-crystalline silicon material used in solar cell fabrication permanentfy increases due to the low cost and good performance of the material. One of the major disadvantages of this material as compared to mono-crystalline wafers is the relatively high defect level (dislocation density, metallic impurities and grain boundaries). These disadvantages for sofar cell processing are a result of the ingot growth method and have to be overcome by process sequences increasing material quality.
The main process step to decrease the metallic impurity level is the phosphorus diffusion which can increase minority carrier lifetimes drastically due to gettering. In this gettering process the recombination active metallic impurities are removed out of the active areas of the device and captured in the heavily P-doped gettering layer. This geltering effect accents the importance of diffusion processes and demands best possible knowledge about the diffusion step.
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One of the major tasks of solar cell industry is to / increase cell thruughput by adapted or new process sequences. Regarding the emitter process the throughput could almost be doubled in a standard POCb diffusion by using one slot for two wafers, resulting in a so called back-to-back diffusion. This process leads to only onesided emitter cells as for other diffusion processes like spray-on or spin-on doping, influencing the gettering effect
In this study we investigate the difference in gettering of one-and double-sided POCIS emitter cells. Besides multi-crystalline material the same process sequences were applied to mono-crystalline material to distinguish between gettering effects and cell performance losses due to emitter residues on the back cell side. Experiments with different aluminium rear side thicknesses resulting in varying BSF thicknesses should hefp to understand if the gettering process is influenced by the amount of aluminium available.
Furthermore, X-ray fluorescence and SlMS measurements were performed on double-sided emitter cells to clarify the effect of compensation of phosphorus by aluminium in the BSF. This study should help to understand if this is due to over-compensation, leaving the phosphorus in electrically inactive states or diffusing it into the aluminium back side contact.
111.

EXPERIMENTAL DETAlLS
The applied process sequence for the solar cells is shown in Figure 1 . We used a standard industrial solar cell process sequence with a POC13 diffusion resulting in a 45 Ql emitter. For metallization silver front side and aluminium rear side screemprinting were applied.
To enable one-sided emitter diffusion in a POC13 diffusion furnace two wafers were stored in one slot of the quartz tube.
1. determination of the difference in cell performance of one-and double-sided emitter cells. Lifetime and spectral response measurements were carried out to investigate the results in more detail. 
EXPERIMENTAL RESULTS
Gettering
In Table 1 Whereas for the multicrystalline silicon material this effect could be understood due to differences in gettering for one-and double-sided POC13 emitters, it is not that clear for mono-crystalline silicon material. Table 1 : Cell results on mono-and multi-crystalline silicon material for one-and double-sided emitters.
Gettering should not play a significant role for monocrystalline material, therefore v e think of other reasons responsible for this difference. This was proven by spectral response measurements which revealed almost similar effective diffusion lengths and quantum efficiencies for short and long wavelengths for mono-crystalline but not for multi-crystalline cells. Furthermore, gettering could be important for mono-crystalline solar cells if the industrial cell cleaning contaminates the wafers itself.
Performance losses on the rear side by emitter residues, as described by Kaes et al [Z], should lead to current losses for double-sided emitter Celts. But this effect is in contrast to the current loss observed in this presentation.
Therefore another explanation has to be found.
-'-400 600 800 1000 1200 The lower cell performance for multi-crystalline Si material could be directly connected to lower gettering efficiency on the one-sided emitter material. Figure 2 shows the internal quantum efficiency of four cells, two for each emitter sided type. The measurements reveal a lower IQ€ for shorter and longer wavelengths of one sided emitter cells. The calculated effective diffusion length reveals a drop of 100-200 pm as compared to double-sided emitter cells. To investigate this effect further minority carrier lifetimes for two of the multicrystalline cells were measured by p-PCD (microwave detected photo-conductance decay). Metallization was etched off as well as the BSF and the emitter region. To passivate the surfaces iodinelethanol solution was used during lifetime measurement. Furthermore the cell was mapped by LBlC to study the gettering effect at long wavelength (980 nm) on EQE for different grains. Figure 3 shows the results of the LBIC and lifetime measurements.
one-sided emitter cell double-sided emitter cell performance i s reduced due to the reduced BSF thickness but no effect on gettering with varying paste for one and double-sided cells could be stated. This experiment was performed two more times on different multi-crystalline materials of different thicknesses to confirm this result.
After these experiments we can state that the difference in V , is due to different P-gettering effects and not due to Al-gettering.
To clarify if the process of BSF formation is influenced by an eisting emitter on the rear side during the firing step, ECV measurements were performed. Figure 5 shows the results for a one-and double-sided emitter cell. The differences shown in figure 5 are within measurement uncertainties of the ECV method for mcmaterial. Therefore the carrier concentration and depth of the BSF cannot explain the difference in V , .
Phosphorus compensation
For double-sided emitter cells the in-diffused phosphorus on the rear side has to be over-compensated, made e!ectrically inactive or released and removed during contact formation to result in an effective BSF, shown in The results are summarized in Figure 6 and show in all cases a phosphonrs count-rate on the rear side reduced by a factor of 10 (close to the P-background). As the matrix in the case of the etched rear side is basically S i (and the penetration of the X-rays in this case is greater than 100 pm) it can be concluded that the P-content in the AI-BSF region is negligible for both solar cell processes. A smalt P-content is suspected to remain in the BSF of the solar cell processed with double-sided emitter as the Pcount rate is slightly over the P-background. AS the penetration depth of the X-rays in an Al-matrix is lower and the AllSi eutectic is thicker than the AI-BSF, the Patoms may have been segregated into the rear contact even if they can not be detected by this method. Therefore we believe that this method is not suited to detect phosphorus in aluminium. This measurement clearly demonstrates that almost the entire phosphorus atoms are distributed in the AllSi eutectic with a slight increase towards the Si interface.
The average concentration of 7x10" atomslcm3 in a depth of 50 pm corresponds to the concentration of the Patoms within a 50 n/ emitter with a junction depth of 0.5
vm. The phosphorus concentration in the AllSi eutectic of the back-to-back solar cell was under the detection limit.
CONCLUSIONS AND OUTLOOK
In this work we investigated the gettering effect of back-to-back diffused wafers resulting in one-sided emitter cells as compared to standard doublesided emitter cells.
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